The objective of the current study was to assess the influence of a modified crushing process and kneading operation on the quality parameters, volatile compounds, and the fatty acid and sterol profiles of virgin olive oil from the Edremit yaglik variety. In the study, olive oil samples were produced in two different processes. The first one was produced without malaxation and the second one was produced with the malaxing process. During crushing, the effect of different temperatures was tested. The results demonstrate that different crushing temperatures generally did not affect the amount of free fatty acids, or peroxide value. Total phenol contents were positively affected by the additional malaxation process. Fatty acids and sterol composition were not significantly altered at different crushing temperatures or during the subsequent malaxation application. PCA enabled a clear classification of the oils obtained from different processing techniques.
INTRODUCTION
Virgin olive oil is produced from olive fruits through mechanical extraction and has a fundamental importance both for the food industry and human diet (Veillet et al., 2009) . Since virgin olive oil is extracted from olive fruit only by means of physical extraction methods which comprise crushing the olives, malaxation of olive paste and separation of the resulting oily phase, the end product contains a number of antioxidant compounds which prevent lipids from autoxidation, as well as volatile compounds which affect the flavor of olive oil (Veillet et al., 2009 ). In addition, owing to the consumption of virgin olive oil without refining, it maintains its sensory and nutritional characteristics and has more resistance to oxidative degradation (Aparicio et al., 1999; Lercker et al., 1994) . Because the efficiency of the extraction process is directly related with the rheological properties of olive paste and with the operation parameters used (Giovacchino et al., 2002; Fiori et al., 2014) , many studies have been carried out in order to identify the most appropriate operating conditions which affect the quality as well as the product yield of olive oil. Malaxation and crushing are two crucial processes of virgin olive oil production (Servili et al., 1993) and if proper time and temperatures are applied, the extraction can be implemented effectively (Gallina-Toschi et al., 2005) . During crushing, the olives are ground in order to liberate the oily fraction; this is followed by a malaxation step, during which oil/water emulsion is broken down to form larger droplets and consequently to enhance the amount of extracted oil (GallinaToschi et al., 2005) . In many reports, the effect of malaxation conditions such as time, temperature, oxygen concentration of the malaxer atmosphere (Amirante et al., 2008a; Amirante et al., 2008b) , on the composition and general quality as well as the product yield of olive oil were investigated. Yet, the influence of crushing is less considered compared to malaxation, although it is also a fundamental step of olive oil production, during which small oil droplets are formed to be separated more easily in the following malaxation step by means of various types of crushers (Angerosa et al., 2001) . There are many studies related to crushing which focused on comparing the effects of different crushers, such as stone mills and metallic crushers which involve disks, hammers and blades, on the composition and overall quality of olive oil (Caponio et al., 1999; Koutsaftakis et al., 2000; Preziuso et al., 2010; Inarejos-García et al., 2011; Leone et al., 2016; Fregapane and Salvador, 2017) . There are also a number of studies in the literature focusing on the effects of temperature changes during crushing. For instance, Caponio and Catalano, (2001) investigated the effects of different crushers and temperature on quality characteristics (free fatty acids, peroxide value, K 232 and K 270 , total phenol and chlorophyll contents) and the preservation period of virgin olive oil. Caponio and Gomes, (2001) studied the effects of crushing temperature on the diffusion of phenolic compounds in olive oil. Caponio et al., (2002) evaluated the influence of crushing temperature by analyzing the polar compounds in virgin olive oil. Caponio et al., (2003) determined the impact of crushing temperature on degree of oxidative degradation, along with the polar compounds and quality parameters of virgin olive oil. However there is no information available about the effects of crushing temperature on the fatty acid, or the sterol and volatile compositions of the resulting olive oil.
In this sense, the objective of this study was to investigate the effect of different temperatures separately during crushing and the effect of the following malaxation process on the overall quality and composition of virgin olive oil obtained from the Edremit yaglik variety, which is qualified as one of the most outstanding cultivated plants grown in the Aegean Region of Turkey. Since the development of novel processes is fundamental in order to fulfill the requirements to produce a high-quality final product, in the current study a new cooler was designed to determine the effect of the cooling process during crushing on the quality and compositional characteristics of virgin olive oil. Additionally, after crushing, the effect of the malaxation operation on the aforementioned parameters was also assessed.
MATERIALS AND METHODS

Reagents and standards
Iron (III) chloride hexahydrate (FeCl 3 .6H 2 O), hexane, methanol, toluen, chloroform, acetic acid, acetone, hydrogen peroxide, potassium iodine, pyridine, sodium thiosulphate, sodium carbonate, β-sitosterol and Folin-Ciocalteu reagent were purchased from Merck (Germany); gallic acid, guaiacol, 2,2-dipyridine and catechol were supplied from Sigma-Aldrich; 37 fatty acid methyl ester mix and N,O-bis (trimethylsilyl) trifluoroacetamide (BSTFA) + trimethylchlorosilane (TMSC) were purchased from Supelco (Sigma-Aldrich Corporation).
Virgin olive oil extraction
Olive fruits (Olea Europaea L.) of the Edremit yaglik variety were harvested from the Edremit district (Balıkesir/Turkey) in December 2015. A representative 2 kg sample of healthy olive drupes were processed to oil using a laboratory scale mill (HAUS, Turkey) equipped with a disc crusher, a vertical malaxer and a hydraulic press. After leaf removal and washing, the olives were crushed at different temperatures (13 °C, 18 °C, 24 °C, 30 °C) using a temperature-control system. The system consisted of a basic refrigeration system including a compressor, an expansion valve, an evaporator, a condenser and tubes. The sieve of the crusher was surrounded by the tubes, which contained the refrigerant R600. The refrigeration system was built based on the change of state. The refrigerant in vapor form was compressed in a condenser within the system and thus evaporation temperature was increased. Consequently, the refrigerant released its heat and turned to liquid. Later, the liquid refrigerant reached the evaporator by passing through the expansion valve which was responsible for pressure formation. In the evaporator the liquid refrigerant was absorbed by the compressor. Intrinsically the pressure of the evaporator was too low and therefore, the evaporation temperature was decreased and as a result, the refrigerant turned into vapor form by absorbing heat from the external environment. The compressor allowed the system to work continuously at a set value throughout the process. During the operation, the temperatures of the crusher and olive paste were controlled simultaneously.
After crushing, each batch was divided into two homogeneous portions. The first batch of olive paste was pressed by a laboratory scale discontinuous hydraulic press. The crushed paste was put in the three bags and metal discs were placed between them. The second batch was malaxed at 27 °C for 40 minutes. The resulting malaxed paste was pressed with the same hydraulic press under the same conditions. The oily liquid phase was decanted and the virgin olive oil samples were obtained. Briefly, the olives were processed in eight different ways: i) crushed at 13 °C and pressed (CO 13 °C), ii) crushed at 18 °C and pressed (CO 18 °C), iii) crushed at 24 °C and pressed (CO 24 °C), iv) crushed at 30 °C and pressed (CO 30 °C), v) crushed at 13 °C, malaxed and pressed (CMO 13 °C), vi) crushed at 18 °C, malaxed and pressed (CMO 18 °C), vii) crushed at 24 °C, malaxed and pressed (CMO 24 °C), viii) crushed at 30 °C, malaxed and pressed (CMO 30 °C). Each process was duplicated. Virgin olive oil samples of 50 mL were kept in dark brown glass bottles at 4 °C under nitrogen atmosphere until analyzed. All analyses were performed twice. Chlorophyll and carotenoid contents. The concentration of carotenoids and chlorophylls were determined in reference to the method of Ceballos et al., (2003) . The absorbances were measured spectrophotometrically at 470 and 670 nm and calculated using the formulas given below: Where, A corresponds to absorbance value and d is the cuvette thickness. Sterol composition. The analysis of sterols was performed using the official method of AOCS Ch 6-91 (2003) . The sterol fractions were silanized and subsequently analyzed with a gas chromatograph apparatus (GC 2010, Shimadzu, Japan) equipped with flame ionization detector. The carrier gas was nitrogen at a flow rate of 0.8 mL/min and the split ratio was 50:1. The column used for the chromatographic separation was a HP-5 fused silica capillary column (30 m, 0.25 mm i.d. and 0.25 mm film thickness) (Chrom Tech., Apple Walley, MN, USA). The temperatures of the column, injector and detector were 260 °C, 280 °C and 290 °C, respectively.
Chemical analysis
Total phenol content. The phenolic compounds were extracted from the olive oils according to the procedure described by Murkovic et al., (2004) , with some modifications. 2.5 grams of virgin olive oil were extracted with 2.5 mL of methanol in reaction tubes and vigorously shaken. The tubes were then centrifuged at 6000 rpm for 5 minutes. The upper methanolic supernatant was used to determine the concentration of phenolic compounds by measuring the absorbances at 765 nm using Folin-Ciocalteu reagent (Gutfinger, 1981) , and a spectrophotometer. Total amount of phenolic compounds was expressed as gallic acid equivalents.
Volatile compound analysis. Solid phase microextraction-gas chromatography mass spectrometry (SPME-GCMS) was used to identify the composition of volatile compounds. The procedure was as follows: (i) weighing 3 g of virgin olive oil into a 20 mL headspace vial and enclosing it with poly (tetrafluoroethylene) (PTFE)/silicone septum; (ii) stabilization of vials at 40 °C for 10 minutes; (iii) extraction of headspace of olive oil samples at 40 °C for 40 minutes by a manual SPME device and divinylbenzene/carboxen/ polydimethylsiloxane (DVB/CAR/PDMS) solidphase microextraction (SPME) fiber; (iv) desorption of volatile compounds by inserting the fiber for 10 minutes into the injection port of the gas chromatograph. The chromatographic elution was performed in splitless mode and the inlet temperature was 250 °C. The gas chromatograph used for the analysis was Agilent 7820 (Agilent Technologies, Santa Clara, CA, USA) and it was connected to a mass selective detector (Agilent 5975 model, Agilent Technologies, USA). The column used for separation was HP-5MS column (30 m, 0.25 mm i.d. and 0.25 mm film thickness) (Chrom Tech., Apple Walley, MN, USA) and the temperature program was as follows: the samples were kept for 5 min at 40 °C, 3 °C/min up to 110 °C, 4 °C/min up to 150 °C, 10 °C/min up to 210 °C for 12 minutes. The carrier gas was helium with a flow rate of 1.5 ml/min. The temperatures of MS source and MS quadrupole were adjusted to 230 °C and 150 °C, respectively. The volatile compounds were determined by comparing their mass spectra in reference to the library of Wiley.
Fatty acid composition. Fatty acids were initially converted to their methyl esters in reference to IUPAC (1987) . The analysis were performed using a gas chromatography instrument GC 2010 (Shimadzu, Kyoto, Japan) with a DB-23 fused silica capillary column (60 m x 0.25 mm i.d. and 0.25 μm film thickness) (J&W Scientific). The carrier gas was nitrogen at a 1.0 mL/min flow rate and the split ratio was 80:1. The temperatures of the column, injector and detector were 195 °C, 230 °C and 240 °C, respectively. The detector used during the analysis was a flame ionization detector. The results were presented as percentage of total fatty acids.
Statistical analysis
The results reported in Tables 1-5 , are the mean values of 4 analytical determinations. The analytical results were evaluated statistically using the SPSS 15 statistical software (SPSS Inc., Chicago, USA). The data were expressed by one-way ANOVA. The results were subjected to Duncan's test to determine any significant differences among the analyzed parameters. The level of significance was set at p < 0.05. The data were also evaluated by the principal component analysis (PCA) and hierarchical cluster analysis (HCA) using XLSTAT 2016 version (Addinsoft, New York, NY).
RESULTS AND DISCUSSION
The quality parameters of virgin olive oils obtained from pastes crushed at different temperatures are given in Table 1 . The free fatty acid values of both CO and CMO were found to be lowest at a crushing temperature of 30 °C. Peroxide values, a sign of primary oxidation products, remained statistically unchanged. Ultraviolet spectrophotometric indices at 232 nm, indicators for the conjugation of unsaturated fatty acids, were determined to decrease for CO, while no change was observed for CMO. K 270 values, which are markers for secondary oxidation products, were found to be below the legal limits established for extra virgin olive oil and did not have significant responses to increasing temperatures. The total phenolic contents of the olive oils from crushed paste were between 121.0-250.0 mg/kg, while the same values were found to differ from 234.0-266.0 mg/kg for the olive oils obtained from the crushed-malaxed olive paste. The malaxation process clearly increased the total phenol contents of the resulting olive oil. When the amounts of carotenoids and chlorophylls were considered, maximum quantities were obtained at 18 °C for the two processing techniques and malaxation did not cause any significant changes in the pigment concentrations of the oils. In the study by Luaces et al., (2005) , the effect of heat treatment during crushing on the pigment composition of olive oil was evaluated and the results indicated an increase in the contents of chlorophyll and pheophytin especially when the temperature was adjusted to above 20 °C. The fatty acid distribution of virgin olive oils obtained from the pastes crushed at different temperatures is given in Table 2 . The major fatty acid, namely oleic acid was over 67% of the fatty acids in all samples, and did not vary statistically according to crushing temperature except for the sample obtained by crushing performed at 30 °C and kneading afterwards. Linoleic acid fluctuated in both processes and malaxation mainly led to an increase in its ratio. Stearic acid was found to differ by increasing crushing temperatures. Additionally, palmitoleic, margaric, heptadecenoic, linolenic, arachidic and gadoleic acids were determined in small amounts. The fatty acid compositions mainly remained unchanged by both crushing temperatures and additional malaxation process.
The changes in sterol composition with regard to various crushing temperatures are given in Table  3 . The predominant sterols were β-sitosterol, Δ-5-avenasterol and campesterol ranging from 82.4-86.0%, 7.59-9.45% and 2.83-3.21%, respectively. In addition, sitostanol, clerosterol, Δ-7-campesterol, 24-methylene-cholesterol, Δ-5,24-stigmastadienol, Δ-7-avenasterol, stigmasterol, campestanol and Δ-7-stigmastenol were identified in smaller ratios. β-sitosterol was not affected by temperature changes during crushing, although the additional malaxing process caused a slight increase in its percentage. Campesterol, campestanol, sitostanol, Δ-5-avenasterol, Δ-7-stigmastanol and Δ-7-avenasterol did not change due to the temperature effect either in crushed or malaxed samples.
The change in volatiles with respect to different crushing temperatures is given in Table 4 , and the variation in the volatiles of the olive oils from crushed and malaxed paste is given in Table 5 . The major volatile compound was hexanal, which is the main C6 volatile compound, which occurs because of the autoxidation of linoleic acid in the lipoxygenase pathway (Kalua et al., 2007; Raffo et al., 2015) . There were significant hexanal reductions throughout the crushing process at different temperatures and the maximum hexanal amount was attained at 13 °C. The second dominating volatile compound was cis-3-hexen-1-ol, which accounts for the elicitation of bitter sensations, and did not change statistically throughout the increasing temperatures, although the malaxation process caused a fluctuation in the oil samples. The amount of cis-3-hexen-1-ol was followed by 1-hexanol and 3-hexen-1-ol, acetate, respectively. Outstanding increases were observed at 18 °C for 1-hexanol and at 30 °C for 3-hexen-1-ol acetate for both types of processes. Trans-2-hexenal, which is known to be responsible for the pleasant freshly cutgrass flavor, was not affected statistically by the increases in temperature. 2,4-hexadienal and nonanal were the other aldehydes detected in the oil samples.
The group of aldehydes was followed by alcohols including cis-2-penten-1-ol; 1-methyl-2-cyclopenten-1-ol; 1-octanol and phenylethyl alcohol. The alcohols did not follow a regular pattern of change upon different crushing temperatures and additional malaxation progress. The following group of volatiles was found to be hydrocarbons which were comprised of 1,3-pentadiene, toluen, 3-ethyl-1,5-octadiene, alphacopaene, zingiberene, bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)-, benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl. The amounts of bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl) were not affected statistically by temperature changes during crushing.
Considering acids, acetic acid, responsible for the pungent flavor (Morales et al., 2005) , was the dominating one; whereas acetic acid hexyl ester was also detected.
A principal component analysis (PCA) was carried out to determine differences among the oils obtained from olive pastes processed in different ways. A factor score plot is given in Figure 1 . The Table 3 6-dimethyl-6-(4-methyl-3-pentenyl) and C 20:0; high and negative correlations with K 270 . F2 had high and positive correlations with trans-2-hexenal and free fatty acids; whereas it had high and negative correlations with sitostanol. The score plot revealing the relationships among the oils processed in various ways showed that oils obtained from crushed pastes (CO) had positive scores for F1; whereas the oils obtained from crushed and malaxed paste (CMO) had positive scores for F2. A clear discrimination between the two processing techniques is illustrated in Fig 1. Hierarchical cluster analysis (HCA) was performed to examine the differentiation of oils obtained by various processing techniques. Euclidean distance and Ward algorithm were used to cluster the samples. Figure 2 shows the dendogram obtained from HCA, where 3 main groups can be identified. The first group contained 24 CO, 13 CO and 18 CO, where 13 CO and 18 CO had high similarities. The second group consisted of 18 CMO and 24 CMO. The third group was formed by 30 CMO, 30 CO and 13 CMO.
CONCLUSIONS
The influence of a modified crushing process and subsequent malaxation application was ascertained on the quality characteristics as well as fatty acid and sterol profiles and volatile compositions of virgin olive oil. The results reported herein exhibit the clear effect of malaxation on oil quality and compositional parameters. Also, the findings provide basic information about the impact of the cooling process during crushing on olive oil compositional characteristics, and they will provide an insight into future research projects.
ACKNOWLEDGMENTS
We would like to thank HAUS Centrifuge Technologies for providing the laboratory scale mill and Mr. Mesut Uyanık for his technical contribution. 
